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Abstract For vacuum sealed panel, stresses and displacements in the glass plate were calculated. The geometric vari-
ables for our experiment were the thickness of glass plate, the size of panel and the width of sealing line. The fracture
behaviors and displacements of its under the vacuum were measured. From the measurement of strains and fracture,
it was considered that the maximum stress acted at the middle of the sides of the panel. The stresses and displace-
ment distribution of manufactured panels were greatly dependent on the width of the sealing line in the panel. The
measured values are more similar to the values which were calculated from the condition of built-in edge as the width
of the sealing line is larger. The measured displacement of the panel, made of 3mm thick glass plate, with size of 80 %
120mm* and 20mm sealing line was 57/m. This value is similar to calculated value, 54/m, from built-in edge condition in
the finite element method.
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ot AR FA] 222 d2] 4853 lE CRT (Cathode
Ray Tube) 8] 7 3t 27)7} AXHA mE]e] FAE
AAA e, ekx AR HPo)aF o] (Flat Panel
Display, FPD) ] 7&g 87314 Sk A /pEE
At o] AYF e HBojaFH o]l LCD (Liquid
Crystal Display), ELD (Electroluminescent Display),
VFD (Vacuum Fluorescent Display), PDP (Plasma
Display Panel), FED (Field Emission Display) Se°] 3}
t}. o] 7}&d VFDe} FED&'? #3422 o & AR
FA] 22tebe g & TF AFHINA e Pe B
o}, FooaFe o4 AT de Azto) gle]4 A o)
Me w$ F239, 2 48 F f8% Aloly HAg
AAA FRA 71 2ol 47) e A A" 5 AU

o] &g #-83 (bending stress) & HomZ §2)8 A
7} AT 3ol wdetde Feld dde] A st
Ao "}, o]2igt H-5HE Fol7] A AT A
Al fr2] Hdo) Wiio] A A& Fu AHo)4E A
&), 22y Ade A7)} AL A= aHelME A
232 nx AT ALY = Uk FEiwe) Y
B3o] FAE FBe £ 2 Ad) mvie} g5 BA
£ ZA =22 Foixl g Z7)o st A FA <
Frej g AF-dtodol Rt o] A E ob)EA] g AF
H7) o] 7FedtA] Hot. & AFolMde F 29 g
AHEEL] AFHIAY o AHo)NE AME-sA] @3 AL
748 2ohf-2] (soda-lime glass) &) 27¢ dolR 7, =
T 54T FAE e feided oisted 2] falge)
Aee 3 Hdo] FgolA HHE A4tste] A 5}z
ofaka} vlastdct.
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A74 K AAZA A, o 4, ak FeBe F2
dehdich, A (1) olH AEEAES T 5 UL, J2Y

B fejTe) FHPEo Al HH3HE ohgo] Ho=
+& % stk

amax=6t—lgf (2)
o714 t= fie FAlel). 2dd 4] (1)dM W=
AEs 39 Azta] fejB 22 FAzZ e et gt
o] 2a}xlt}. & feldo) FojA of Ao mAeE 2L

2A F 7R JdE ¢ ook AHAs DA A (simply
supported) ®  7$-elz, FHAE YA31A (built-in
edge) & Z$-olth. AR AL Feigo] HoiH o
242] B4 o] 7h5s At oo g Ho] &
Ad 5 g Afeln, dHuAY Aee 2] FEl
A o] Brlsge 8ol Holgko R o) A9
T gl ASolt. AR} kAT b Ao HE
AAZAL 23 3t
i) w2 A (simply supported edge) :

Fw

3

W=O, %2 = ayz =0 3)
ii) A1 A (built-in edge) :

- W _ow_
w=0, x - ay =0 (4)

gl wi flne) £ ko 2 w9 (displacement)
olt}. ¥ 12 Autd B A% 3 38 (max. bend-
ing stress) 3 Zo}ollAle] W eighe epdl Folch. E 1o
A as} b §elge] 3 Zojojr (b=a), t& FE|HY

FgFagetaa] A8HA AI2F (1998)

FAelch Egt v 2 f2]Te 9E (Young's modu-
lus) ¢} poisson’s ratioolth. M2 st g7} z1Fsfdel =
£ 1 Ar)s WgRdE ) 7 20 d3le] ¥4
B 3 Sololse HAE vws) B Ao F&HI T4
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7hAs b, A mA Y] A AR Fokell A
o) Wignded zhech. 72 2706 24 4 (2) 2R
8 73 Hof AA-$Ho] Fejge] FHF-Fo g3k &
do) Ay, HAsled felE FAHAA £ oot 7 AAx
730l 2 W e A deAF Y By o &
2jge] Fotol4 A} AR dEA A A4}
SxdmA e} Ao T HAE /HAA Dok
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glass plate )
U S T S T S S S N
sealant ——"Iﬂ vacuum Eﬁ]
L A T R R B
q t : thickness of glass plate
q : pressure
a)
sealing line hé
R R T w

diagonal length
(=panel size)

w . width of sealing line

b)

Fig. 1. Geometric configuration of vacuum-sealed flat panel
display ; a) side view, b) tip view.
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Table 1. Max. bending moment and max. displacement at the center of the glass panel in two boundary conditions.”

b/a(= 1.5) (W)‘=o. y=0 (Mx)x=a/2y y=0 (My)x=o. y=h/2 (Mx)x=0, y=0 (My)‘=0p y=10
Simply supported 0.00772qa‘/D* 0 0 0.0812qa* 0.0498qa*
Built-in edge 0.00220ga*/D -0.0757qa* -0.0570qa’ 0.0368qa* 0.0203qa’
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(glass sphere) & ¥Woid ZAstoh Z8H2E &

o] elfe] 2EA sZA F 2o {lE obFuA My
Al F 450 CoR A 14172 Bk dAelsted A @ g
Azretdch ZEgele e Aoz 2ohioe 3
FAE7L AL w)str] dEed A" F fEdel Avls
AF-3H e FFe FAY 5 . AddT el Ed g
S ATHZE A AFEoF 10 torr 2R HEE
vl Z1sbdch, B def vl 7] 4] Hrd of - 2Rl gFHR}o|5) AY
Aol wet Hdg FAA3E FEjHe 8 S wo}l Wyl
=9, Ade) =it Feljie] FAlo wel A¥-Fof g
oA 27} ot e HEY UL = A3
zol A" Ade w75 HE Adgdo2H nATE
e Hde ARk o) whye 2 Az A Y
Ko} AF57} 107 torr R FAIE o, Ag-ahd o -
o)F-of qfafolR olsf Az HElHe WHHE surface
profiler (Tencor fit, P10) & AM&3l4 &t} =g
Fejthol Hele $HAEHE dobry] 25t HAde s
o] 23 zElfelo AT E HFeEe sl
Aol (strain gage) & A Agte] Hd& 3F o2 wiris)
da Hgde W ~EHQl ghel WHEE AdnEgith f8
7o) Fofol o) WMol njAe HYPE JFE TA}EY)
$i5te] FA7} 3mm ) 2] Be AHE-s 4] 80 X 120mm? 2.7
o] g Aztatdet. o] o A Ze] FAE Smn, 13mn
2 20mmE WAl Z o 7H AFeol diste AT A F #
2|3t Fodoll 4] WE SAsl gt FHDHI T4
$3 84" (Finite Element Method, FEM) .2 £33
X g FofellMe] HAE Al AAE A2 Hde
SHAA F wgle} mjEEgch. AR ZEoge
ANSYSe|m 7] Al (mesh) & 6x4, 12X8, 24X
16, 48x 32, 96 X 6471 2 rojA] Ar]stgen, 28 9
W7 a8ste w4l 24l 96x64ME AAste] A
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470 2] A Hoel| A mhoiz} A At 2=zt A7) 409 AlE F
ol 270 Zalge] FRold oas) L Ast, vy
270 a2 = AA 2kF 20mm F-Eoll 4] A A
o} et wheko 2wy dolwdet, Rl spujzl o
ofubA] e A felwe] ofZo] Zhz} 250m o4 F
Az Aol FAR A Tk} fejTe) M2 HEsg
t}. 80X 120mm? 4ol AxHA) 77} Sumal B2 A}
43 At Zelfe] Fiold dF- H27) dojdon) &
2% 2 o) A B2 douh Al sttt

FA7F 2une} Sundl FjHE AREE] A de Alats)
A AFo g wir|g o felwe] g IA F bR
2 oz2A Jepygoh A AeE AAql zelge] 3
Follxf o] spajolx, A A= F2¢ 2 A9 27
At frEl@ zbAl e Bale zEigaE) HF)d4 2m A
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=37} dojyde) AalA el Zelse] BEA Yrie alxy
oF e dxelA] Zalfele] B dd addo] doid BE
of $¥AF o] wAYste] dojt FAre R Bt 2]
Feie] shafo] Fad JAA== 40 ~100MPasid) n)s)
A zfe gas 93 QAR EE 100~400MPa R
¥l ZAch S mets Telgel] a8 Fo EFLdE 4
Aol sl AL AT 7)A] Zelge] X2 2o S
o] A A& QA HelHE FPo] BT = Ut

S 799l Hde) viRol A Al AL e} ke 4
7le geekade AFHA7IAY gl fejdel] Ay
$HEY SHEEE 53] dgslnx skt & 3
ZFH 7| AL Ao ST 7Rl FEel| 2Ed A
ol 21§ F-ztslo] w) 7] A] ek e] W3] wake- &A% gt
7 F 1o Jebd Ag o}8-3lo] o]2H o B A4 AN S
ok A Jepd Zlolt} A d o) shed B2 5 HE
uba, Ao olxdgt diF e FEe dAsHe 1 gl
44 BoEo B 14 & 5 3Eel,

felgo] Hoja
W AAZA) dEA ASE Fe) o] WA
o2 Eeee W H2, HnYe ASE AAYY

Table 2. Fracture behavior of glass plate after evacuation.

Panel size 50 x 80mm? 80 x 120mm?
Thickness of glass A Smm 2mm 3mm
Fracture behavior O @ A @]

*O : No fracture, A : Some of specimens were fractured.

Table 3. Measured and calculated strains in the glass plate for evacuated panel. Panel size is 80 % 120mm® and thickness of

glass is 2mm,
Measured Calculated strain
Position ) -
strain Built-in edge Simply supported
Edge 3.66%x107* 5.77x10°¢ 0
Center -136x10°* ~-281 %107 -6.19%x107¢

* “+"-tensile, ‘-':compressive.
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Vel glct. od7jol A AArsl $He fejdel A
28 = Von Mises stresseltt. f-2@2) F47} ARTF
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Fig. 2. Theoretical calculation of the maximum bending stress
and the displacement of the glass after evacuation. Bounday
condition of calculation is built-in edge and panel size is 80X
120mm?.
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Fig. 3. FEM result of stress distribution in glass after evacuation. The size of glass plate is 80 x 120 x 2mn* and calculated stress is Von

Mises stress.
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Fig. 4. FEM result of displacement of glass after evacuation. The size of glass plate is 80 120 2mn®.
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Table 4. Measured dxsplacement at | the center of the glass havmg chfferent thlckness
Panel size I O X 80mm 80 % 120mm
Thickness of glass (mm) 2 3 2 3
Displacement at the center (/zm) 278 11.8 1 contact i 102.0

Table 5. Effect of width fo sealing line on the displacement at the center of glass panel. Panel size is 80 X 120mm* and

thickness of glass is 3ma.

Measure Calculation
Line width (mm) 5 13 20 Built-in edge Simply supported
Deflection (im) 102 72 57 54 189
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